Phosphatidic acid can be formed in brain by the acylation of lysophosphatidic acid, which is produced either by acylation of 3-glycerophosphate or by phosphorylation of monoglyceride (McMurray, Strickland, Berry & Rossiter, 1957; Pieringer & Hokin, 1962) . Phosphatidic acid can also be synthesized by the phosphorylation of 1,2-diglyceride (Hokin & Hokin, 1959a) . Incorporation of
[32P]P1 into phosphatidic acid of brain is stimulated by acetylcholine in tissue slices, in microsomes and in a fraction rich in nerve endings (Hokin & Hokin, 1958a,b; Durell & Sodd, 1964 . To date two hypotheses have been advanced to explain this stimulation. These suggest that stimulation by acetylcholine occurs either at the level of diglyceride kinase (Redman & Hokin, 1964) or by activation of a phosphatidylinositol-inositolphosphohydrolase (Durell, Garland & Friedel, 1969) . We report here some of the properties of the diglyceride kinase of rat cerebral cortex, its distribution in isolated subcellular fractions and the effects of acetylcholine on its activity. Hubscher (1965) . To minimize conversion of 1,2-diglyceride into its 1,3-isomer the L-1,2-diglyceride was dissolved in hexane, divided into small portions and stored at -20°C until needed. The yield was assessed by an ester determination.
Preparation of brain subcellular fractions. For each fractionation, grey matter (2.5-4.0g/experiment) from four to six male albino rats (300g) was suspended in 4ml of 0.32M-sucrose (adjusted to pH7.4 with tris)/g of tissue and homogenized in a stainless-steel tube with a Teflon pestle (radial clearance 0.10-0.15 mm) rotated at 600rev./ min. Six complete strokes were used during min of homogenization and this was repeated after 1 min. The homogenate was diluted to 10% (w/v) with 0.32M-sucrose and primary subcellular fractions were obtained as described by De Robertis, Pellegrino de Iraldi, Rodriguez de Lores Arnaiz & Salganicoff (1962) and Kataoka & De Robertis (1967) . The crude 'mitochondrial' fraction was subfractionated under iso-osmotic conditions by using a discontinuous gradient of Ficoll (13%, 8% and 3%, w/v) in 0.32M-sucrose (Alberici, Rodriguez de Lores Arnaiz & De Robertis, 1965) . Nerve-ending membranes were obtained by the method of Rodriguez de Lores Arnaiz, Alberici & De Robertis (1967) . The fraction named M, 1.0 which mainly contained nerve-ending membranes, was used in our experiments.
Assay of L-1,2-diglyceride kinase (A TP-1,2-diglyceride phosphotran8ferase, EC 2.7.1.-) activity. The conditions resembled those described by Prottey & Hawthorne (1967) for pancreatic diglyceride kinase. The activity was determined by measuring the incorporation of 32p from [y-32P]ATP into phosphatidic acid. The quantity of phosphatidic acid synthesized was calculated from the specific radioactivity of the ATP, assuming that only the terminal phosphate was incorporated into the lipid.
The basic system (in a total volume of 1 ml) contained:
L-1,2-diglyceride (10mM), sodium deoxycholate (0.1%, w/v), potassium phosphate buffer, pH7.4 (50mM), MgCl2 (10mM), KF (10mm), [y-32P]ATP (5mM; specific radioactivity about 600 c.p.m./nmol) and enzyme protein (approx. 2 mg of particulate fractions or 0.6 mg of soluble fraction). Appropriate samples of a solution of L-1,2-diglyceride in hexane were placed in test-tubes and the solvent was evaporated under a stream of N2 with the tubes cooled in ice. Deoxycholate was added and the contents of the tubes were mixed for 30s. In some assays deoxycholate was omitted: this is indicated where appropriate. All other components of the system, with the exception of the enzyme preparation, were added and the mixture incubated at 37°C for 10min. The enzyme preparation was then added, the tubes were thoroughly mixed for 15s and incubation was continued for 10min. If the 10min pre-incubation was omitted the system showed an increased requirement for diglyceride. Reactions were stopped, lipids were extracted and the radioactivity of the total lipids was measured as was described by Prottey & Hawthorne (1967) .
Analysis of the extracted lipids by t.l.c. (Skipski, Peterson & Barclay, 1964) showed that more than 90% of the total radioactivity migrated with a phosphatidic acid marker.
Assay of marker enzymes. Several enzymes were assayed as markers to indicate the distribution of various cell components in the different subcellular fractions obtained.
(i) Cytochrome oxidase (cytochrome c-02 oxidoreductase, EC 1.9.3.1) activity was assayed by the method of Wharton & Tzagoloff (1967) except that 0.1% (w/v) Triton X-100 was included (P. H. Cooper, personal communication).
(ii) 5'-Nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.1.3.5) activity was measured by the method of Belfield & Goldberg (1968) , in which interference from other phosphatases is minimized by pre-incubation with an excess of 2-glycerophosphate, and then AMP breakdown is assayed by an enzymic measurement of adenosine release.
(iii) Acetylcholinesterase (acetylcholine acetyl-hydrolase, EC 3.1.1.7) activity was determined at 37°C by the method of Ellman, Courtney, Andres & Featherstone (1961) .
(iv) Lactate dehydrogenase (L-lactate-NAD oxidoreductase, EC 1.1.1.27) activity was measured by the method of Johnson (1960) as modified by Harwood & Hawthorne (1969) . Diglyceride and A TP requirements. The effect of varying the concentration of L-1,2-diglyceride on phosphatidic acid formation in homogenates and crude mitochondrial fractions is shown in Fig. 1(a) . Additions of 8-12mM-L-1,2-diglyceride stimulated the synthesis of phosphatidic acid to a maximum rate of about eight times that obtained in the absence of exogenous diglyceride.
RESULTS

Properties
With ATP, activity reached a maximum at 5mM (Fig. lb) and decreased above this concentration.
Reaction rate and optimum enzyme concentration. The time-course of the enzyme reaction (Fig. 1c) was linear for 15min when the phosphatidate synthesis reached a maximum. After this time, the labelling of the phosphatidic acid decreased. Hokin, Yoda & Sandhu (1966) found that the diglyceride kinase reaction was linear for at least 15min. Fig. 1(d) shows that the rate was proportional to enzyme concentration in the range 0-2.3mg of protein.
Effect of pH. The homogenate and crude mitochondrial fractions showed a peak in diglyceride kinase activity at pH 7.4 (Fig. 2a) (Prottey & Ha-wthorne, 1967 ) and p)hospllati(late phosphatase (Coleman & 1iibseher, 1962 Localization of diglyceride kinase in rat cerebral cortex. The results are summarized in Tables 1 and 2 . Diglyceride kinase activity was observed in both soluble and particulate fractions. A comparison of the percentages of the diglyceride kinase recovered in the soluble fractions in the two sets of experiments suggests that about 10% of the total activity was solubilized during the procedure of cell fractionation. However, repeated washing of the mixed particulate fraction with 0.32M-sucrose did not release enzymic activity from this fraction.
In several experiments the crude 'mitochondrial' fraction was subfractionated to give fractions rich in myelin, nerve endings and mitochondria. In these experiments the recoveries of diglyceride kinase activity were very low (about 30%), but better recoveries were achieved when deoxycholate was omitted from the assay system ( The resuilts aric expriesse/l as the/ rat i/of (A'iglyceridle Ikinase act ivity inl thie prIesence of' add(ld alcetvich)olin tol the act ivityv in its abhsenee. DI)dvyceridc kinase activityv was assavedl as hlescrihed in the Mlethods sect ion, hut Wit liotit deoxycholate and w ith the a/I/lit jolII of 0. I lim-aitcet N, Cho IInIe and II(. In meserinIIe.
FtXpt. no. I. inositol ini response to acetylcholinie (Redman & Hokini, 1964; Diurell et al. 191i9 ).
Mon ratio wvas 2: 1, again the samiie as for the panifeatic phosphorylation of dligly ceride (Prottey & Hawthorne, 1967 (Hokin & Hokin, 1959a; Dokin et al. 1966) , btut neither of the neutral detergents that we tested (Triton X-100 and Ctutscumin)
,used any increase in phosphatidlic acid synthesis. (1968) kinase in the particulate fractions showed that they were clearly similar, though not identical. This is a similar situation to that reported for phosphatidylinositol kinase of brain (Kai, White & Hawthorne, 1966; Harwood & Hawthome, 1969) , except that for phosphatidylinositol kinase clear evidence for localization in plasma membrane is available, at least for liver (Michell, Harwood, Coleman & Hawthorne, 1967) . As pointed out by Kai et al. (1966) , results based on comparisons with putative marker enzymes must be interpreted very cautiously when a tissue as complex as brain is being considered. However, diglyceride kinase has also been reported as a component of the surface membrane of the erythrocyte, (Hokin & Hokin, 1963) ; and it may well be that a'considerable proportion of the particulate diglyceride kinase in brain is located in cell surface membrane.
Rate8 of 8ynthe8t8 for pho8phatidic acid and the pho8phoino8itide8. Hawthorne & Kai (1970) have compared the rates so far re'corded' for several reactions involved in the metabolic' routes leading to these lipids in rat brain. In Table 4 (Durell & Sodd, 1966) . In tissue slices this phosphatidic acid is further converted into phosphatidylinositol. Studies of this effect in brain slices by using precursors for different parts of the lipid molecule demonstrate that the diglyceride moiety of the phosphatidylinositol does not show the stimulated turnover, and thus that the stimulated turnover presumably occurs via the diglyceride kinase pathway, with as substrate diglyceride produced by the hydrolysis of phospholipid (Hokin & Hokin, 1958a) . Redman & Hokin (1964) suggested that acetylcholine acts by a stimulation of the diglyceride kinase (step 1 in Scheme 1). However, direct stimulation of the diglyceride kinase of brain assayed under wellcharacterized conditions has never been demonstrated. Durell et al. (1969) (De Robertis, 1971) . In view of all these suggestions we have studied the effect of acetylcholine on one of these enzymes, the digly-' ceride kinase. Measurements of activity were made both in intact nerve-endings and in nerve-ending membranes isolated after osmotic shock. The results (Table 3) showed that there is no direct stimulation by acetylcholine of diglyceride kinase either on the outer or on the inner face of the membrane at the surface of the synaptic region of the neurone. Another tissue in which acetylcholine stimulates turnover of phosphatidic acid and phosphatidylinositol is mammalian pancreas, but addition of acetylcholine to homogenates of this tissue does not stimulate the diglyceride kinase (White & Hawthorne, 1970) . The lack of effect of acetylcholine on diglyceride kinase in both brain and pancreas seems to eliminate one ofthe suggested mechanisms for acetylcholine stimulation of phospholipid turnover. Further work is still needed before the true mechanism of this effect becomes clear.
